26 expanded the application regimes of optical fibre 1-12 . The emergence of graphene excites new 27 opportunities by combining with PCF, allowing for electrical tunability, broadband optical 28 response and all-fibre integration ability 13-18 . However, the previous demonstrations are typically 29 limited to the sample level of micron size, far behind the requirement of real applications for the 30 metre-scale material level. Here, we demonstrate a new hybrid material of graphene photonic 31 crystal fibre (Gr-PCF) with length up to half a metre by chemical vapour deposition method. The 32 Gr-PCF shows strong light-matter interaction with ~8 dB⋅cm -1 attenuation. In addition, the 33 Gr-PCF-based electro-optic modulator demonstrates broadband response (1150 -1600 nm) and 34 large modulation depth (~20 dB⋅cm -1 at 1550 nm) under low gate voltage of ~2 volts. Our results 35 could enable industrial-level graphene applications based on the Gr-PCF, and suggest an infusive 36 platform of two-dimensional material-PCF.
(AFM) (Fig. 1h,i) . Here we note that the interlayer distance is relatively larger (estimated as 1.0 -1.5 nm) 97 than its intrinsic interlayer distance (0.34 nm) in these collapsed ribbons, likely due to the wrinkles 98 formed during the etching treatment. The selected-area electron diffraction (SAED) in Fig. 1j 99 demonstrates the polycrystalline structure of the graphene film, as the selected-area aperture size (200 100 nm) is several times of graphene domain size (~50 nm). However, the high-resolution transmission 101 electron microscopy (HRTEM) image on individual graphene domain shows perfect graphene lattice 102 structure (Moiré pattern of bilayer as an example in Fig. 1k ). More transmission electron microscopy 103 (TEM) characterizations reveal that the graphene thickness can be controlled between one to ten layers 104 by the growth time ( Supplementary Fig. 3 ).
105
One great concern about the Gr-PCF growth is whether the graphene can be homogenously 106 distributed on the micron-sized hole walls along the long fibre, as gas flow in narrow space will have 107 huge viscous force. To clarify this point, we carried out control experiments with atmosphere pressure 108 chemical vapour deposition (APCVD, Fig. 2a ) and low-pressure chemical vapour deposition (LPCVD, 109 pressure of 0.5 -1.0 kPa, Fig. 2b ). According to viscous flow model 38 (Supplementary Note 1), the mean 110 free path of carbon precursors (estimated as ~0.4 μm) is much shorter than the fibre hole diameter (~4 111 μm) under the atmosphere pressure in APCVD process. In this situation, the carbon precursor feeding is 5 / 14 limited by the mass transfer 36 . According to experimental Raman data of graphene ribbons etched from 113 the holes of Gr-PCF with ~8 cm length, the obvious variation of 2D-to G-mode Raman (intensity ratio 114 I 2D /I G , 0.6 -2.1) and full width at half maximum of 2D-mode (FWHM 2D , 31 -71 cm -1 ) demonstrate the 115 nonuniform thickness along the fibre axis ( Fig. 2c,d , APCVD panels). This result is consistent with 116 optical contrast observation that the fibre became darker along the gas flow direction (Supplementary 117 Fig. 4 , lower fibre). It means the graphene film thickness increases along the gas flow, originating from 118 the increased active carbon species during the long-time thermal decomposition in the downstream 119 positions. Whereas, in LPCVD process, the gas flow approaches a free molecular flow situation and the 120 mass-diffusion process becomes negligible 36, 38 . In this case, the mean free path (estimated as > 40 μm) is 121 much larger than hole size of PCF. Then elapse time (~15 s) of gaseous molecules going through the 122 long holes of PCF in LPCVD process is much shorter than that in APCVD process (~175 s). It is facile 123 to realize that the graphene films on the inner hole walls grow with uniform thickness along the fibre 124 axis, as revealed by the Raman spectra with negligible fluctuation of I 2D /I G ratio (~1.4) and FWHM 2D 125 (~48 cm -1 ) ( Fig. 2c,d , LPCVD panels), as well as the uniform optical imaging contrast along the whole 126 fibre ( Supplementary Fig. 4 , upper fibre). Here we note that the intensity ratio of D-to G-mode Raman 127 (I D /I G ) has much larger value in LPCVD, revealing smaller graphene domain size 37 , which originates 
